ABSTRACT-Age-related changes in levels of calcitonin gene-related peptide (CGRP) mRNA of the dorsal root ganglia was studied in 8-, 12-and 15-week-old spontaneously hypertensive rats (SHR) and age-matched normotensive Wistar Kyoto rats (WKY). CGRP mRNA levels in SHR but not in WKY decreased with age. The contents of CGRP-like immunoreactivities in the atrium and mesenteric artery of 15-week-old SHR were greater than those in age-matched WKY. These results suggest that the outflow of CGRP-containing nerves from the spinal cord and CGRP release from CGRP nerve terminals decreases in SHR.
The rat mesenteric resistance arteries are innervated by nonadrenergic noncholinergic (NANC) vasodilator nerves in which calcitonin gene-related peptide (CGRP), a potent vasodilator neuropeptide, acts as the vasodilator neurotransmitter (1, 2) . CGRP has been shown to distribute throughout the central and peripheral nervous system and locate in areas involved in cardiovascular function (3) . A prominent site of CGRP synthesis is the dorsal root ganglia (DRG), which contains the cell bodies of primary afferent neurons that extend CGRP-containing nerves (CGRPergic nerves) to peripheral sites such as blood vessels and the central spinal cord (4) . We demonstrated that the CGRPergic nerve function in spontaneously hypertensive rats (SHR) decreased with age (5) . In a recent study, we showed that the levels of CGRP mRNA in DRG of 15-week-old SHR were lower than those in normotensive Wistar Kyoto rats (WKY) (6) . Therefore, the present study was undertaken to clarify the age-related changes in level of CGRP mRNA in DRG of SHR and WKY and content of CGRP in the peripheral sites.
Male SHR at 8, 12 or 15 weeks of age and age-matched WKY (Charles River Japan, Shizuoka) were anesthetized with sodium pentobarbital (50 mg/ kg, i.p.). After the mean carotid blood pressure (MBP) was measured, the animals were deeply anesthetized with a large dose of sodium pentobarbital and killed by decapitation. The thoracic and lumber DRG from each rat were immediately dissected. The isolated DRG was frozen in liquid nitrogen until subsequent analysis of CGRP mRNA as described previously (6) . Total cellular RNA was prepared using the acid guanidium thyocyanate-phenol-chloroform method (7) . The RNA samples were fractionated by electrophoresis on denaturing formaldehyde-agarose gels and transferred to a nylon membrane. Hybridization was done under stringent conditions (50% formamide at 42°C) with a 32 P-labeled cDNA probe. Two probes for CGRP and > -actin were labeled, using a Multiprime DNA labeling system (Amersham Int., Buckinghamshire, UK) with 32 P-dCTP. After hybridization, the membranes were exposed to X-ray films, and the radioactivity of each band was quantified by means of computerized densitometiric scanning (BAS 2000; Fuji Photo Film Co., Tokyo). All results are expressed relative to the >-actin mRNA, serving as a control for the quality and quantity of RNA applied to the blot.
The atrium and mesenteric artery isolated from 15-weekold SHR and WKY were homogenized and the supernatant solution was applied to a Bond-Elut C18 cartridge, and absorbed peptide was eluted with 60% acetonitrile in 1% trifluoroacetic acid. The elute was evaporated under vacuum and the contents of CGRP-like immunoreactivities (CGRP-LI) were determined using a commercially available enzyme-liked immunosorbent assay (ELISA) for CGRP kit (Peninsula Laboratories, Inc., San Carlos, CA, USA).
All values are presented as the mean ± S.E.M. One-way analysis of variance followed by Tukey's test was used to determine the significance between values of different ages. The unpaired Student's t-test was used to determine the significance of differences between two means. A value of P<0.05 was considered significant.
The MBP in 12-week-old SHR (188.5 ± 1.4 mmHg, n = 6, P<0.01) and 15-week-old SHR (193.0 ± 2.9 mmHg, n = 6, P<0.01) was significantly greater than that in 8-week-old SHR (150.8 ± 3.2 mmHg, n = 6). The MBP of SHR at 8 (P<0.01), 12 (P<0.01) and 15 (P<0.01) weeks of age was significantly greater than that in age-matched WKY (8-week-old, 99.5 ± 1.8 mmHg, n = 4; 12-week-old, 108.0 ± 0.7 mmHg, n = 4; 15-week-old, 118.8 ± 7.8 mmHg, n = 4). Figure 1A shows a representative Northern blot analysis of CGRP mRNA. As shown in Fig. 1B , the level of CGRP mRNA in SHR was decreased with age, whereas the level of CGRP mRNA in WKY was slightly increased with age. When the level of CGRP mRNA in SHR was compared with WKY as the ratio of CGRP mRNA / >-actin mRNA, a significant decrease was found in 12-and 15-week-old but not 8-week-old SHR, as shown in Fig. 1B .
As shown in Fig. 2 , the contents of CGRP-LI in the atrium and mesenteric artery in 15-week-old SHR were greater than those in age-matched WKY. A significant difference between SHR and WKY in CGRP-LI contents was found in the atrium (Fig. 2) .
The present findings demonstrated that the amount of CGRP mRNA in DRG of 12-and 15-week-old SHR decreased when compared with age-matched WKY. In addition, the decrease in the CGRP mRNA level of SHR was age-related, but the level in WKY did not alter. In in vivo studies, we previously reported that electrical stimulation of the lower thoracic spinal cord (Th9 -12) in the pithed rat produced a frequency-dependent depressor response, which was abolished by the neurotoxin tetrodotoxin or by the CGRP-receptor antagonist CGRP(8 -37), indicating that the response is mediated by endogenous CGRP released from the CGRPergic nerves (8) . In a recent study, the depressor response to spinal cord stimulation in 15-week-old pithed SHR was significantly smaller than that in age-matched WKY (6) . Furthermore, the present study showed that the level of CGRP mRNA in DRG was decreased in SHR compared with WKY and the decrease was age-related. Taken together, it is very likely that the outflow of CGRPergic vasodilator nerves from the spinal cord to peripheral blood vessels via the dorsal roots decreases in SHR.
In in vitro studies, we previously reported that CGRPergic nerve-mediated vasodilation in response to periarterial nerve stimulation of the mesenteric artery in SHR was smaller than that in WKY and the decrease in the response was age-related (5) . In addition, the neurogenic release of CGRP-LI in the mesenteric artery of 15-week-old SHR has been shown to be smaller than that in age-matched WKY (5) . The present study demonstrated that the content of CGRP-LI in the mesenteric artery of SHR was greater than that in WKY. This finding suggests that the increased contents of CGRP-LI in SHR is due to reduced release of CGRP from CGRPergic nerve terminals, even though the levels of CGRP mRNA in SHR decreased. Since CGRPergic nerves have been shown to inhibit the function of adrenergic nerves (2), the decreased function of CGRPergic nerves in SHR enhances the sympathetic adrenergic vasoconstriction. A recent study demonstrated that =-CGRP/ calcitonin gene knockout mice displayed an elevated MBP compared with wild-type mice, indicating that =-CGRP is involved in the long-term regulation of resting blood pressure (9) . Therefore, the reduced CGRPergic nerve function may have caused the increased vascular resistance and high blood pressure in SHR.
In conclusion, the findings of the present study showed that the CGRP gene expression in DRG in SHR decreases with age. The present study suggests that the function of CGRPergic vasodilator nerves from the spinal cord decreases in SHR and this decrease contributes to maintenance of hypertension in SHR.
